Background: Fragmented QRS (fQRS) complexes are novel electrocardiographic signals, which reflect myocardial conduction delays in patients with coronary artery disease (CAD). The importance of fQRS complexes in identifying culprit vessels was evaluated in this retrospective study.
Background
The diagnosis of non-ST-elevation myocardial infarction (NSTEMI) depends on a thorough physical examination, detailed clinical history, and immediate interpretation of the results of a resting 12-lead echocardiogram (ECG). Therefore, the ECG can provide crucial information for diagnosing NSTEMI. Other ECG abnormalities such as T-wave inversion, ST-segment depression, microvolt Twave alternans, late potentials on the signal-averaged ECG, and pathologic Q waves have diagnostic value, but their correlation with the exact anatomic location of the culprit lesion is not very high.
Fragmented QRS (fQRS) complexes are novel electrocardiographic signals, which reflect altered ventricular conduction delays around regions of a myocardial scar. The detection of fQRS complexes in a routine 12-lead ECG is a marker for abnormal cardiac depolarization. Previous studies have shown that fQRS complexes are useful for diagnosing coronary artery disease (CAD) [1, 2] . However, limited information is available on the diagnostic utility of fQRS complexes in patients with NSTEMI. In this study, we reviewed the ECG results in NSTEMI patients to evaluate the accuracy of fQRS complexes to identify culprit lesions.
Methods

Study population
From January 2010 to April 2011, we conducted a retrospective study on 183 consecutive patients diagnosed with NSTEMI in our department. Standard 12-lead ECGs, data on cardiac biomarkers, and echocardiographic and coronary angiography (CAG) findings were collected from the study subjects. The patient demographics, including history of significant CAD (prior myocardial infarction or typical angina pectoris), previous percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG), and risk factors for CAD (age, sex, hypertension, smoking, diabetes mellitus or hyperlipidemia) were noted.
Patients were eligible for inclusion in the study if they had a confirmed NSTEMI and an fQRS complex in any of the ECG leads recorded during the NSTEMI episode. Patients with permanent atrial fibrillation, ventricular paced rhythm, a previously implanted implantable cardioverter-defibrillator (ICD) or a clinical indication for an ICD at the time of enrollment, left ventricular hypertrophy, Wolff-Parkinson-White syndrome, cardiomyopathy, myocarditis, and congenital heart disease were excluded from the study. NSTEMI was defined as STsegment depression or prominent T-wave inversion and/ or positive tests for biomarkers of necrosis in the absence of ST-segment elevation detected in an appropriate clinical setting (i.e., when the patient experienced chest discomfort or angina) [3] .
This study was approved by the institutional ethics committee, and informed consent was obtained from all enrolled patients.
ECG
The ECG and supplemental criteria for fQRS patterns were defined by Das [1, 4] . The resting 12-lead ECG (filter range, 0.15-100 Hz; AC filter, 60 Hz, 25 mm/s, 10 mm/mV) was analyzed by 2 independent readers blinded to the CAG results. The fQRS pattern was defined as the presence of an additional R' or crochetage wave, notching in the nadir of the S wave or fragmentation of the RS or QS complexes in 2 contiguous leads corresponding to a major coronary artery territory. The fQRS pattern could occur in patients with or without Q waves. However, patients with a typical bundle-branch block pattern (QRS ≥ 120 ms) or incomplete right bundle-branch block pattern were excluded. Furthermore, patients with a pathological Q wave in the ECG and a history of prior myocardial infarction were also excluded.
CAG
The severity of stenoses was graded using the Coronary Angiogram Analyzing System II (CAAS II; Pie Medical, Maastricht, The Netherlands) [5] . Coronary flow over the culprit lesion was graded according to the Thrombolysis in Myocardial Infarction Trial (TIMI) criteria, and collateral circulation was classified according to the criteria proposed by Rentrop et al [6, 7] . Multivessel CAD was defined as the presence of lesions in 3 or more coronary vessels. The presence of occlusion in the main and secondary branch of a vessel was defined as single-vessel disease.
CAG was performed in all 183 patients included in the study. Of these patients, 87 underwent angiography during the first 24 h of the NSTEMI episode, and 96 underwent CAG within 2 to 14 days after the acute episode. The location of coronary lesions, the number of stenosed arteries and the degree of stenosis were recorded for each patient.
Statistical analysis
Values are expressed as mean ± standard deviation. A two-tailed Student's t-test was used for comparing continuous variables. A Chi-square test or Fisher's exact test was used to compare dichotomous data. To evaluate the diagnostic value of fQRS complexes in each patient, indices such as sensitivity, specificity, likelihood ratio, and positive and negative predictive values were recorded. Logistic regression analysis was used to examine the influence of various clinical factors by estimating the probability of fQRS occurrence on an ECG. Receiver operating characteristic (ROC) curves were used to assess the relationship between fQRS complexes and ischemic T-waves for the diagnosis of NSTEMI. SPSS 13.0 was used for all statistical analyses. A p value < 0.05 was considered statistically significant.
Results
Demographics and clinical data
The ECG findings of the patients showed that fQRS complexes were present in 60.1% of all patients with NSTEMI (n = 183). The remaining 73 patients with ST-segment depression or prominent T-wave inversion formed the control group. Advanced age and the prevalence of diabetes were higher in the fQRS group (p < 0.05). No significant differences were observed in renal function between the two groups ( Table 1) . Logistic regression analysis showed that old age (≥ 65 years), cardiac troponin T (cTnT) levels and diabetes were significantly associated with the presence of fQRS complexes. The odds ratios (OR) for old age, cTnT and diabetes were 2.04 (95% CI, 1.09-3.09; p = 0.026), 0.73 (95% CI, 0.55-0.98; p = 0.036) and 2.05 (95% CI, 1.06-3.97; p = 0.033), respectively ( Table 2) .
CAG
Out of the 183 patients, 42 showed left coronary artery dominance, 125 showed right dominance and 16 had a balanced coronary system. The incidence of triple-vessel disease was higher in the fQRS group than that in the control group (p = 0.002). The incidence of 3-vessels disease were quite higher in fQRS group (p = 0.002). Similarly, severe and mild degree of coronary stenosis in fQRS group were much higher than that of non-fQRS group (p = 0.038; p = 0.001) ( Table 3 ).
The diagnostic importance of fQRS complexes in the 12-lead ECG
The frequency of fQRS recorded in each ECG lead was related to the culprit vessel or lesion in patients with NSTEMI. The sensitivity of fQRS in 2 anterior ECG leads was the highest (80.9%), but the specificity was only 68.4%. The specificity of fQRS in 4 anterior ECG leads was the highest (81.8%), but the sensitivity was only 62.7%.
The sensitivity, specificity, and positive and negative predictive values of fQRS in ECG leads II, III, and aVF were 92.3%, 65.5%, 85.6, and 79.2%, respectively; the sensitivity, specificity, and positive and negative predictive values of fQRS in ECG leads I, aVL, and V6 were 89.4%, 71.7%, 83.5, and 80.9%, respectively. Our results confirmed that the specificity of fQRS complexes in identifying lesions in the left circumflex and right coronary arteries was lower for the inferior and lateral leads than that for the limb leads (65.5% versus 71.7%); however, the former had higher sensitivity (92.3% versus 89.4%) ( Table 4 ).
Comparison of the diagnostic accuracy between fQRS and ischemic T-waves
The presence of fQRS for the diagnosis of left anterior artery (LAD) lesions was less sensitive (58.0% versus 62.1%) but more specific (75.00% versus 58.2%) compared with the presence of ischemic T-waves. The sensitivity and specificity of fQRS for the diagnosis of left circumflex artery (LCx) lesions were 89.4% and 71.7% compared with 53.4% and 70.6% for ischemic T-waves, respectively. For the diagnosis of right coronary artery (RCA) lesions, the presence of fQRS was more sensitive (92.3% versus 66.2%) and less specific (65.5% versus 66.3%) than ischemic T-waves. We found that the total sensitivity and specificity of fQRS (77.1% and 71.5%) were higher than those values for ischemic T-waves. Receiver operating characteristic (ROC) curves were used to evaluate the diagnostic accuracy of fQRS and ischemic T-waves for the diagnosis of culprit lesions in patients with NSTEMI. The areas under the ROC curves for fQRS and ischemic T-waves were 0.75 (95% CI, 0.66-0.85) and 0.54 (95% CI, 0.41-0.64), respectively. Thus, the total diagnostic accuracy was significantly higher for fQRS than that for ischemic T-waves (Figure 1  and 2 ; p = 0.03).
Q1
Discussion
Clinical risk factors
In patients with NSTEMI, only a part of the artery is occluded. This implies that only a portion of cardiomyocytes supplied by the occluded artery are necrotic. In the NSTEMI patients in the fQRS group, fQRS complexes were significantly more common in older patients (≥ 65 years) and those with diabetes (OR, 2.04 [p = 0.026] and OR, 2.05 [p = 0.033], respectively). It has been established that the number of risk factors and complications are higher in elderly patients [8, 9] . Moreover, a previous study has shown that diabetes can cause extensive vascular damage and increase the number of multivessel lesions [10] ; this could explain the higher incidence of fQRS complexes in patients with diabetes.
ECG analysis
According to the standard distribution of the major coronary arteries in humans, fQRS complexes detected in 2 or more contiguous anterior leads (V1-V5) were assigned to the left anterior descending artery territory. The presence of fQRS complexes in the lateral leads (I, aVL, and V6) were assigned to the left circumflex artery territory, and those in the inferior leads (II, III, and aVF) were assigned to the right coronary artery territory. We analyzed the frequency of fQRS in each lead and compared the frequencies with CAG findings. The frequency of fQRS was higher in the precordial leads than in other leads and showed higher specificity but lower sensitivity for predicting LAD lesions. The presence of fQRS complexes recorded in 4 precordial leads had the highest specificity for the identification of the culprit vessel (81.8%) ( Table 4 ). Although the specificity of the inferior and lateral lead recordings to identify LCX and RCA lesions was low (65.5% versus 71.7%), the sensitivity was considerably higher (92.3% versus 89.4%).
ST-segment depression and/or T-wave inversion in the ECG usually reflects the abnormal repolarization of cardiac tissues caused by myocardial ischemia in patients with CAD. ST-segment elevation is an important ECG criterion for the diagnosis of STEMI, but the sensitivity and specificity of ST-segment depression and/or T-wave inversion for predicting the culprit lesion are not very high. Our results showed that the presence of fQRS complexes had better diagnostic accuracy than ischemic T-waves for the identification of culprit vessels (Figure 1 ; p = 0.03). These findings also suggest that fQRS could identify the correct culprit lesion in some patients without ischemic T-wave changes.
Although the prognostic significance of fragmented QRS complexes in patients who underwent primary PCI was confirmed in previous studies, the diagnostic value of fQRS in patients who have a history of revascularization (PCI or CABG is uncertain [2, 4, 11] . We did not find a more frequent history of PCI or CABG in the fQRS group (p = 0.525; p = 0.917). Furthermore, logistic regression analysis did not show that prior PCI or CABG were significantly associated with the presence of fQRS complexes (p = 0.973; p = 0.834). Therefore, the diagnosis of culprit lesions in NESTEMI patients with a prior history of CAD and revasularization should be based on the combination of dynamic ECG changes including fQRS complexes and other clinical manifestations.
Potential mechanisms
The important of fQRS complexes was first suggested by Das in 2006. The exact mechanism of fragmentation of the QRS complex in the 12-lead surface ECG is still unclear. Previous studies have shown [12, 13] that the postinfarction scar tissue morphology correlated well with the patterns of the fQRS complex. The fQRS complexes have been implicated in the inhomogeneous activation of the ventricles due to myocardial scar and/or ischemia. These studies suggest that different fQRS patterns result from shifting of the QRS vector during depolarization of areas around f scar or ischemic myocardium, depending on the extent of injury and its location in the ventricles [14, 15] .
Conclusions
Although there have been reports on the use of the fQRS complex as a marker of acute myocardial infarction and remote myocardial infarction scar, not much is known about the diagnostic significance of fQRS in patients with NSTEMI. We found that fQRS complexes occurred more frequently in elderly and diabetic patients with NSTEMI. The frequencies of fQRS complexes recorded in each ECG lead could identify the culprit vessel, and this was particularly useful when the LAD was the culprit vessel. In addition, the diagnostic accuracy of fQRS complexes was significantly higher than that of ischemic T-waves for the diagnosis of NSTEMI.
Limitations
There are several limitations of this study. The relatively small sample size limited the diagnostic value in clinical practice. Therefore, additional prospective data are needed in a larger study population to confirm our findings. Furthermore, the time that fQRS complexes developed in the ECG, and the exact mechanisms of fQRS are unknown at the present time. The utility of fQRS for identifying culprit lesions in NSTEMI patients with a history of PCI or CABG needs further exploration.
